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This Addendum describes changes to the OTI-087 Februaiy 1993 databook for OII-087X parts. 
The OTI-087X currently does not support the RAS only refresh DRAM, 260's type DRAM and 
integrated feature connector support. 

Page Description 

1 Disregard the reference to RAS only refresh in the feature list. This is currently 

not supported. 

8 Disregard CASOn, CASln, CAS2n and CAS3n signals on the Operational Block 

Diagram. 

13 This MD interface is not supported with this OTI-087 revision. 

16 Disregard CASOn, CASln, CAS2n and CAS3n signals on the Memory Mapping 

Configuration. 

25 EPDATA should be DCn under the OTI-087 (LB386/486) column. , 

28 Pin 99 on OTI-087 (LB 386/486) should be DCn. 

37 Extended Register 8, bits 6, 1, should be as below. Also, pin 99 does not 

apply. 

Bits 6. 1.0 Pin 19 Pin 20 

1 1 EPCLK EPDATA 

110 EPCLK EPDATA 

Bit 7 Reserved. 

60 See attached for new Local Bus Schematics. 
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The information contained in this document has been careful!/ checked and is beUeved to be reliable. 
However, Oak Technology. Inc. makes no guarantee or warranty concerning the said information and shall not 
be responsible for any loss or damage of whatever nature resulting from the use of. or reliance upon it. Oak 
Technology, Inc. does not guarantee that the use of any information contained herein will not infringe upon 
the patent or other rights of third parties, and no patent or other license is implied hereby. 

This document does not in any way extend Oak Technology, Inc's warranty on any product beyond that 
set forth in its standard terms and conditions of sale. Oak Technology. Inc. reserves the right to make changes 
in the products or specifications or both presented in this publication at any time and without notice. 

Life Support Applications 

Oak Technology, Inc. products are not intended for use as critical components in life support appliances, 
devices, or systems in which the failure of an Oak Technology, Inc. product to perform could reasonably be 
expected to result in personal injury. 
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The OTI-087 is a highly integrated, single chip Local Bus VGA Controller compatible with the IBM VGA 
standard. The OTI-087 offers a low-cost implementation for 24-bit color at a resolution of 640x480 while being 
capable of high resolutions including 1024x768 non-interlaced with 256 colors and 1280x1024 interlaced with 
256 colors. The OTI-087 is completely compatible with the IBM VGA standard and implements all registers 
and data paths while providing improved performance and additional functionality. Especially attractive for 
motherboard applications, the OTI-087 supports high speed local bus implementations for cost-effective high 
performance graphics. 



o IBM VGA compatible graphics controller with resolutions up to: 

1024x768. 256 colors Non-interlaced 

1280x1024. 256 colors Interlaced 

640x480, 16.8 million colors (24-bit} 
o 100% Hardware and BIOS compatible with IBM's VGA 
© Supports up to 2 MBytes of memory: 

2. 4 or 8 64KX16DRAMS 

2, 4. 8 or 16 . 256KX 4 DRAMs 

2 or 4 256KX 16 DRAMs 

2 or 4 512KX8DRAMS 

e Hardware cursor (64x64 2 bits/pbcel) 
® Integrated feature connector support 

8 Write cache for high speed local bus implementation 
Read cache optimizes memory bandwidth usage 

Q Integrated zero wait state AT bus performance 

9 Supports 8, 16, or 32-bit memory interfece with fast page operation 
9 Supports CAS before RAS and RAS only refresh 

a Supports VESA-standard high vertical refresh rates of 72 Hz for flicker-ftee displays 

© Up to 80 MHz maximum video clock rate 

© Complete linear addressability in protected mode 

Packed pbcel format for 256 color modes 

® Foreground/background color expansion registers hi fast text output 

® 16-bit graphics latch for uue 16-bit operations in planar modes 

© Special 256 color pattern and fill modes increase performance 

© Supports 132 column text 



The OTI-087 not only supports all standard IBM VGA modes, but the following extended modes as well. 



Mode 


Resolution 
£10 2 ^SO 


Colors 


font 
3x16 


Alpha Format 


DotClkfMF 


iz) n-hcam 


iz) V-frcofl 


1z) Interiae 


£A Mcmorv 


W-1A 


I2h* 


16 


80x30 


25.175 


31.50 


60 


Yes 


256K 


N/A 


12h 


£40 X 480 


16 


8x16 


80x30 


31^00 


37.86 


72 


Yes 


256K. 


Standard 


4Eh* 


80x60 


16 


8x8 


80^60 


25.175 


31 JO 


60 


Yes 


256K 


N/A 


A-Ph" 


132 X 60 


16 


8x8 


132x60 


40.000 


31.50 


£0 


Yes 


256K 


N/A 


50h* 


132x25 


16 


8x14 


132x25 


40.000 


31J0 


70 


Yes 


256K 


N/A 


5lh* 


132x43 


16 


8x8 


132x43 


40.000 


3130 


70 


Yes 


256K 


N/A 


52h» 


800x600 


16 


Szl£ 


100X37J 


36.000 


35.16 


56 


Yee 


256K 


Mfg. G.L 


S2h 


800x600 


16 


8x16 


100x37^"- 


'40.000 


37.88 


60 


Yes 


25£K. 


Mfg.G.1. 


52h 


800x600 


16 


8x16 


100 s 37 J * 


50J)00 


48.08 


72 


Yes 


256K 


Sundaid 


53h* 


640x480 


256 


8x16 


80x30 .■■ 


25.175 


3130 


£0 


Yes 


512K 


N/A 


53h 


640 X 4S0 


256 


8x16 


80x36"' 


3IJ00 


37.86 


72 


Yes 


5J2K 


Standard 


5Ah* 


800x600 


256 


8x16 


100X37J 


36.000 


35.16 


56 


Yes 


512K 


Mfg-GX. 


S-lh 


800 X 600 


256 


8x16 


100x373 


40.000 


37J8 


60 


Yes 


512K 


Mfg.G.L 


54h 


800 X 600 


256 


8x16 


100x37J 


50.000 


48.08 


72 


Yes 


S12K 


Standard 


S5h 


1024 1 768 


4 


8x16 


128 X 48 


44.9IK) 


3532 


87 


No 


256K 


N/A 


55h» 


1024 X 768 


4 


8x16 


128x48 


65.000 


4836 


£0 


Yes 


25£K 


Mfg. G.L 


55h 


1024 X 768 


4 


8x16 


128x48 


78.000 


56.69 


70 


Yes 


25£K 


Standard 


55h 


1024 X 768 


4 


8x16 


128x48 


78.000 


58.04 


72 


Yes 


256K 


N/A 


56h 


1024x768 


16 


8x16 


128x48 


44.900 


3532 


87 


No 


5I2K 


N/A 


56h* 


1024x768 


16 


8x16 


128x48 


65.000 


4836 


£0 


Yes 


5J2K 


Mfg.G.U 


56h 


1024 X 768 


16 


8x16 


128 X 48 


78.000 


56.69 


70 


Yes 


512K 


Standard 


56h 


1024x768 


16 


8x16 


128x48 


78.000 


58.04 


72 


Yes 


512K 


N/A 


S7h 


768x1024 


16 


8x16 


96x64 


44.900 


46.77 


87 


No 


512K 


N/A 


57h* 


768x1024 


16 


8x16 


96x64 


65.000 


59.74 


55 


Yes 


512K 


N/A 


58h* 


1280x1024 


16 


8x16 


160x64 


78.000 


48.75 


87 


No 


IM 


N/A 


S9M 


1024x768 


256 


8x16 


128x48 


44.900 


3532 


\ 87 


No 


IM 


N/A 


S9h*' 


1024 X 768 


256 


8x16 


128 X 48 


65.000 


4836 


60 


Yes 


IM 


Mfg. G.L 


59h' 


1024 X 768 


256 


8x16 


128 X 48 


78.000 


56.69 


70 


Yes 


IM 


Standard 


59h' 


1024 X 768 


256 


8x16 


128 X 48 


78.000 


58.04 


72 


Yes 


IM 


N/A 


5Ah" 


640 X 480 


64K 


8x16 


80x30 


50.000 


3130 


£0 


Yes 


IM 


N/A 


5Ah' 


640 X 480 


64K 


8x16 


80x30 


63.000 


3736 


72 


Yes 


IM 


Standard 


5Bh- 


640x400 


32V6'*K 


8x16 


80x25 


50.000 


3130 


70 


Yes 


512K 


N/A 


5Ch« 


640 X 480 


32K 


8x16 


80x30 


50.000 


3130 


60 


Yes 


IM 


N/A 


5Ch' 


640 X 480 


32K 


8x16 


80x30 


63.000 


3736 


72 


Yes 


IM 


Standard 


SDh*' 


800x600 


32K 


8x16 


100 X 37i 


78.000 


3730 


60 


Yes 


IM 


Mfg.G.L 


5Eh* 


1280 X 1024 


256 


8x16 


160x64 


78.CKJ0 


48.75 


87 


No 


2M 


N/A 


5Fh* 


640 X 480 


16^M 


8x16 


80x30 


78.000 


3135 


60 


Yes 


IM 


N/A 


60h»' 


SOO X 600 


64K 


8x16 


100 X 37J 


78.000 


3730 


60 


Yes 


IM 


Mfg. G.L. 


eih* 


640 z 400 


256 


8x16 


80x25 


25.175 


3130 


70 


Yes 


256K. 


N/A 



Oak Technology was the first graphics company to promote the importance of the hardware-software driver 
relationship. Thus, Oak is committed to providing customers with the most powerful software drivers. Oak*j 
software driver support includes the fastest drivers available for popular applications including: 



AutoCAD 

AutoShade 

CADvance 

GEM 

Lotus 1-2-3/Symphony 



OS/2 

OS/2 Presentation Manager 



UNIX (KG & SCO) 
OrCAD 



VESA BIOS Extensions 



Microsoft Windows 
ct Wordstar 



The OTI-087 supports 64Kxl6. 2S6Kx4, 256Kxl6, and 512Kx8 DEAM devices. The OTI-087 provides all the 
necessary control signals and address and data lines to access the video memory in page mode. The control 
signals can be programmed to optimize memory cycles for a given memory type and speed for a specific 
memory clock. The maximum video buffer size is 2Mbytes when used with 256Kx4. 256Kxl6 or 512Kx8 
DRAMs and 1Mbyte when used with 64Kxl6 DRAMs. Minimum configuration is 256Kbytes when used with 
64Kxl6 or 256Kx4 DRAMs and 1Mbyte when used with 512Kx8 or 25.6Kxl6 DRAM. The video buffer can be 
addressed through either a programmable linear address range above IM or through the conventional video 
address (AOOOO to BFFPPh) using the segment registers. 



Up to 16 external video clock frequencies can be selected by four programmable dock select pins. Tideo clock 
frequencies up to 80 MHz can be supported. When implemented with the OTI-068 Dual Clock Generator, 
the OTI-087 can select sixteen pixel clock frequencies providing support for both conventional and flicker-free 
VESA vertical refresh rates without any hardware switches. The OTI-068 also supports three memory dock 
frequendes which can be selected through hardware configuration to optimize performance with a wide variety 
of DRAM types and speeds. 



The system bus of the OTI-087 can be connected to the PC system in three different configurations: on-board 
local bus. add-on local bus and on-board AT bus. The OTI-087 can also be connected to the AT bus. The 
mode of operation is defined by the Configuration Register 1 status, set through the MD[7:0] bus dunng 
reset time. 

System Configuration Bit 2 Bkl 
Local Bus 

Local Bus Add-on 1 

On-board AT 10 

Add-on AT 1 1 



In Local Bus configuration, the OTI-087 can interface to the 80286. 80386SX, 80386DX and 80486 CPUs. 
Configuration of the OTI-087 for the proper CPU local bus is accomplished through the ADSn pin and the 
Configuration Register 2 as detailed in the table bdow. Configuration Register 2 is set through the 
MD[15:8] bus during reset. 

t^cal Bus Mode ADSa BiLi 

80286 Local Bus 



The local bus interface of the OTI-087 provides an optimal implementation for 80286 and S0386SX designs 
which use Oak Technology's OTI-020 system chipset. An implementation of the OTI-087 with the OTl520 
requires no external logic for local bus interface. 

The video space of the OTI-087/OTI-020 local bus video system is defined by the VIDEOl register (port IF^^ 
index 5). When any one of the video segments in this register is enabled, the OTI-020 system chipset gener- 
ates a video cycle to the external bus and terminates the CPU cycle. If the video segments are disabled, the 
local bus OTI-087 will terminate the CPU cycle. Graphics Register 3DF(^, Index 6 only affects the access to 
video memory and has no effect on the generation of SRDY. At system boot-up time, the system will scan for 
the presence of any off-board memory which occupies the AOOOO-BFFFFj^ range. If off-board video memory is 
detected, the VIDEOl register (present in both the OTI-020 system chipset and the OTI-087) will be pro- 
grammed so that the local bus system responds to all the memory in AOOOO-BFFFFj^, excluding the enabled 
segments in the VIDEOl register. 

The OTI-087 supports 16-bit, zero-wait-state CPU memory operations through the CPU local bus. The OTI- 
087 uniquely employs both a read cache and a write cache to achieve zero-wait-state memory operations for 
local bus speeds up to 33 MHz. During the CPU memory cycle, the OTI-087 interprets the status lines (WRn 
and DCn) and the address CA19-CA17 (101 J gated with the VIDEOl register to generate a local bus memory 
cycle. If the requested data is already inside the OTI-087 read cache during a memory read, SRDY is returned 
in the next CPU clock, thus a zero-wait-state memory cycle. Otherwise, SSDY is not returned until the data is 
read from the video memory and driven out to the bus. For writes to video memory, a memory write request 
is stored inside the write cache and SRDY is returned in the next CPU clock for a zero-wait-state memory cycle. 
If either the write cache is full or the write address does not share the same cache page as the previous write, 
then SRDY is not returned until the data is actually written to the video memory. 

The OTI-087 supports 16-bit I/O access and 8-bit memory access for DMA and MASTER cycles. During a 
DMA or MASTER cycle, the OTI-087 receives I/O and memory commands from the AT-bus and transfers data 
to the local SD bus as if it were a 16-bit dence. In this case, both SD[7:0] and SD[15:8] are driven with the 
same data. During I/O cycles, the OTI-087 receives commands from the AT-bus and transfers data on the local 
bus. The system chipset is responsible for routing the address and data to and from the AT-bus. 

80386DX and 80486 Local Bus 

This section refers to the 80386DX/80486 block diagrams following this section. The OTI-087 requires four 
buffers (A.B.E,F in the diagram) and 1 PAL to interface with the 80386DX CPU. Two additional buffers (C.D 
in the diagram) are required to interface with the 80486 CPU. The PAL is used to decode the upper address of 
the CPU and generate the CPU address 0.1 and the CPUBHEn signal for the OTI-0S7. The A,B buffers are 
used to interface the OTI-087 data bus to AT-data bus while the C,D.E.F buffers are used to interface the OTI- 
087 data bus to the CPU data bus. 

During I/O. DMA or MASTER cycles, the OTI-087 receives bus commands from the AT-bus. During a CPU 
memory cycle, the OTI-087 will use the CPUAO/Al/BHEn signals to execute the cycle. The LBSELn signal is 
the protocol between the system chipset and the OTI-087 to determine ownership of the current memory cycle. 
If the current memory cycle belongs to the OTI-087 address space, the OTI-087 forces the LBSELn signal low 
at the beginning of T2 and terminates the cycle with SRDY. If the current memory cycle does not belong to 
the OTI-087 address space the system chipset should terminate the cycle. In 80386DX and 80486 conSgura- 



tions, there are two reset signals connected to the OTI-087. The KSET signal is connected to the system reset 
and the CPURESET is connect to the CPU reset. The OTI-087 uses the CPURESET signal to synchronize the 
internal dock and uses the RSET signal to reset the OTI-087. If the system chipset does not drive a valid 
address to the CPU bus during DMA or MASTER cycles, then more buffers are necessary to route the address 
to the CPU bus. Buffer G in 8038603^80486 block diagrams illustrate this implementation. 



The OTI-087 implements all of the standard stateof-the-art features for high speed frame-buffer graphics 
controllers. These standard features include independent memory and pixel clocks, support for high refresh 
displays, highly integrated bus interfaces, and true 16-bit VO read/write operations. "In addition, the OTI-087 
implements several next generation features which advance the state-of-the-art in graphics frame-buffer technol- 
ogy. 



The OTI-087 is one of the first PC graphics controllers designed from the ground up for motherboard archi- 
tectures implementing direct CPU interfaces to the video controller. The local control signals of the OTI-087 
provide accelerated system to video memory transfers. Timing overhead is also reduced. To take advantage of 
the high transfer rates, the OTI-087 implements the most features of any frame-buffer controller for assisting 
CPU-based graphics operations. 



The Hardware Cursor (HC) increases the overall graphics performance by redudng the need for the CPU to 
redraw the cursor during each update. Also, the image under the cursor does not have to be updated by 
software when the cursor is moved. Lastly, the cursor appears continuously and is more responsive. 



When writing to the OTI-087. both data and address are latched from the system bus and the zero-wait-state 
signal is activated, unless the cache is full. When implemented in the AT-bus configuration, the OTI-087 will 
exhibit zero-wait-state performance in lower resolution/color and planar modes. In higher resolution, the 
percentage of zero-v;^ait cydes will deaease for packed pixel modes with increasing bus speed, resolution, color 
depth, and vertical refresh. 



The read cache of the OTI-087 was designed to accelerate bitblt fiinctions. When executing block moves, often 
the next operation requires a read from an adjacent memory location. In this case, the desired data will be in 
the read cache and the operation can execute without waiting for a memory cyde. 



In extended video modes where more than 256Kbytes of video buffer are required, the video driver must 



In packed pixel modes, the output of simple text becomes more cumbersome. To reduce the number of 
individual memory operations required, the OTI-0S7 contains foreground/background color expansion 
registers which allow eight consecutive bytes to be expanded from one byte containing the foreground or 
background bits. A pixel masking capability is also implemented to be able to leave specified pixels un- 
changed. This also speeds masked bitblt functions. 

For packed pixel modes, the OTI-087 provides a pattern register for defining patterns and expanding the color 
information from either OTI-087 registers or CPU data. This allows fast pattern fill. 



Most currently available VGA controllers only allow for byte operations in many cases. The OTI-087. as with 
previous generations of Oak VGA controllers, provides true 16-bit move operations in all situations. Relative 
to other VGA controllers, this is particularly useful for pattern bits and source copy bitblts where MOVSW 
instructions can replace MOVSB instructions. 



In a VGA-based video system, certain configuration information must be available to the video BIOS. It is 
common practice on many video adapter boards to use jumpers or switches to provide the proper settings. 
These switch settings can cause confiision for the consumer. To simpHfy the situation, the OTI-087 provides 
support for a serial EEPROM which stores the specific configuration information. The configuration is done 
through software, eliminating all Jumpers and switches. 



Fixed dock rates to 80 MHz allow the OTI-087 to offer vertical refresh rates at 1024x768 that exceed the VESA 
standard of 70 Hz for high vertical refresh displays. Depending on the capabilities of the monitor, the OTI- 
087 can support up to 1024x768 with 256 colors at a 76 Hz vertical saeen refresh. 



ANALOG MONITOR. 
(ANALOG RGB) 
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MA23[BK)1 



WEBn 



WEDn 



M[ H3!:24.IS:12.7:41 

RASHn 

CASA n 

iVlA23IBK)l 

WEBn 

WEDn 



CASAn C 



WEAn >^ 



WECn C 

=;:^ ^ 



-> 



-> 



> 



^ 



^ 



DQII5:01 



CASn 

AI8:0] 
WELn 
WEHn 
OEn MAPO.t 



DQItSiOl ^ 

RASn 

CASn 

AISiOl 

WELn 

WEHn 

OEn MAPO.I 



00115:0] B-i 

RASn 

CASn 

A[e:0] 

WELn 

WEHn 

OEn MAPZ3 



DQ[15.-0I s3 

RASn 

CASn 

^6:0] 

WELn 

WEHn 

OEn MAP2,3 



OTI-087 



MAOlI&l] 
MA23t8:ll 



RASLn 
RASHn 

CASAn 



WEAn 
WEBn 
WECn 
WEOn 



MDI31:0I 



MDI23:16.1 1:83^)] 



CASBn ^ cASn 



flPP 1^4.15:12.7:4] 



RASLn 



CASAn 



MAPI 18:1] 



WEAn 



WEBn 



DQI15:0I eD 

KASn 

CASn 

AS7:0l 

WElJi 

WEHn 

OEn MATO.] 



*^?Q.™>! CASn 



RASLn 



CASAn 



MA23[8!ll 



WEAn 



WEBn 



DCHlSiO] rl 

RASn 

CASn 

AI7K)I 

WELn 

WEHn 

OEn MAI>Z.3 



^^!!L__^' CASn 



MPr23:16.1 1:8301 



RASHn 



CASAn 



MA9U9i,ll 



WECn 



WEDn 



DQIJ5:0I r4 

RASn 

CASn 

AI7;0I 

WEUi 

WEHn 

OEn MAra.l 



CASBn 



ftlDI3i a4. 15:1 2.7:4] 



15.—^ CASn 



RASHn 



CASAn 



MA23[B:11 



WECn 



WEDn 



DQI15:0I rS 

RASn 

CA<te 

AI7:0J 

WEUi 

WEHn 

OEn M^2,3 



MAPO 



MDI3:0] rO 



mDE11:8,3:0I 
r2.0 



MDIH:8,3:0] 
rO 



MD[11:S,3:0I 
r2.0 (10,8) 



MDH 1:8.3:01 
r2,0 (2) 



MDni:8.3:01 
r2.0 



MD[1 1:8.3:0] 
r2.0 (2) (4.6) 



MAPi 



MDI3:0i rO 



MDH 1:8,3:0] 
r2.0 



MDH 1:8.3:0] 
rO 



MDE23:161 76.4 
(14.12) 



MDI23:16] lO 
(2) 



MDI23:16I r2 



MDI23:16] rO 
(2) (4.6) 



MAP2 



MD[7mV] rl 



MD[15:12. 7-Al 
r3,1 



MDI15:12. 7:4] 
rl 



MDI15:12, 7^4] 
r3.1 (11.9) 



MDI15:12. 7:4] 
rl (3) 



MDnS:12, 7:41 
rl 



MDri5:12. 7:4] 
rl (3) (S.7) 



MAP3 



MDI7:4] rl 



MDI1S:12, 7:41 
r3.1 



MDI1S:12. 7AI 
rl 



MDI31:241 r7.5 
(15.13) 



MD[31>.24] rl 
(3) 



MD[31:24] r3 



MDI31:24] rl 
(3) (5.7) 



RAMO 
(8) 



MD[3:01 



MD[3:0] 



MD[1 1:8.3:0] 



MDt3:01 



MD[23:16. 
11:8.3:0] 



MD[1 1:8.3:0] 



MDI23:16. 
11:8.3:0] 



RAMI 
(9) 



MDt7:41 



MDI7:4J 



MDI15:12. 7^4] 



MDt7:41 



MD[31:24. 
15:12.7:41 



MDI15:12. 7:4] 



MDI31:24. 
15:12.7:4] 



RAM2 
(10) 



Not Applicable 



MDI11:8] 



Not Applicable 



MD[11:8] 



MDI23:16. 
1 1 :8.3:01 



MD[23:16] 



MDI23:16. 

11:8.3:0] 



RAM3 
(11) 



Not Applicable 



MDI15:121 



Not Applicable 



MD[15:12] 



MD[31:24. 
15:12,7:4] 



MDI31:24I 



MDr31:24. 

15:12.7:4] 



RAM4 
(12) 



Not Applicable 



Not Applicable 



Not ^pllcable 



MDt19:161 



Not Applicable 



Not Applicable 



MD[23:16. 
11:8.3:0] 



RAMS 
(13) 



Not Applicable 



Not Applicable 



Not Applicable 



MDI27:241 



Not Applicable 



Not ^pllcable 



MD[31:24, 
15:12,7:4] 



RAM6 
(14) 



Not Applicable 



Not Applicable 



Not Applicable 



MD123:201 



Not Applicable 



Not Applicable 



MDI23:16. 
11:8.3:0] 



RAM7 
(15) 



Not Applicable 



Not ^f^Icable 



Not Applicable 



MDI31:28] 



Not Applicable 



Not Api^Icable 



MDI31:24. 
15:12.7:4] 



RASLn 



rO.l 



rO. 1,2,3 



rO.1 



rO,1.2.3, 4.5.6.7 



rO.1 



rO.1,2,3 



rO.1,2.3 



RASHn 
/MA9 



N.C 



N.C 



rO.I 



r8-18 



r2.3 



rO,1.2.3 



r4,5,6,7 



CASAn 

/WEn 



rO.1 



rO.1.2.3 



rO.1 



rO-15 



rO.1.2.3 



rO,1,2.3 



rO.1.4.5 



WEAn 
/CASOn 



rO 
MAP0.1 



rO.1 
MAP0.1 



rO 
MAPO.l 



rO.2.8,10 
MAPO 



rO.2 

(WEUi/CASIJi) 

MAPO 



rO 
MAPO 



rO.2.4.6 (WEU) 
MAPO 



WEBn 
/CAS In 



rl 
MAP2.3 



r2.3 
MAP2.3 



rl 



rl .3.9.11 



r1.3 
(WEU/CASlJi) 



rl 
MAP2 



rl ,3.5.7 (WELn) 



WECn 

/CAS2n 



N.C 



J.C 



J.C 



r4.6.12,14 
MAPI 



rO.2 

(WEHn/CASHn) 



r2 



rO.2.4.6 (WEHn) 

MAPI 



WEDn 
/CAS3n 



N.C 



J.C 



J.C 



rS.7.13.1S 



r1.3 
(WEHn/CASHn) 



r3 



rl .3.5,7 (WEHn) 
MAP3 



MAOl 

101/ 

CASBn 



MAOl [0] 



MAOl [0] 



MAOl [0] 



MAOl [01 



MAOl [0] 



MAOl 101 



r2.3.6.7 CASBn 



MA23 
[0] 



MA23 [0] 



MA23 [0] 



MA23 [01 



MA23 10] 



I.C 



This section describes the AT-Bus interface signals of the OTI-087 when implemented in an add-on card 
configuration either on an adapter card or on the motherboard. For information on the system bus interface 
for local bus implementations, see the next section. 



Pin 

Name 

SD[15:8] 



Pin Pin 

46:42. I/O 
40:38 



Description 

SYSTEM DATA BUS 15: 



SD[7:0] 

SA[16:0] 

IA[23:17] 

Ml6n 



RFSHn 



MRDn 



85:81. VO 
77:75 

67:62. I 
60:50 

74:68 I 



78 VO 



lOCHRDY 79 O 



AEN 



SYSTEM DATA BUS 7:0. 



LATCHED SYSTEM ADDRESS BITS 16:0. For add-on 

card configuration, these are the latched system address bits 16:0. 

UNLATCHED SYSTEM ADDRESS BITS 23:17. For add-on configuration, 
these are the unlatched system address bits 23-17. These bits are decoded to 
generate Ml6n. Address bits 19:17 are latched by ALE to generate SA[19:17]. 

16-Brr MEMOSY. This signal is an active low. open drain output signal used 
to indicate to the system that the present cycle is a 16-bit data transfer to 
video memory. The signal is derived fi^om the decoding of LA17 through 
LA23, 

I/O CHANNEL READY. This signal is an active high, open drain output 
that signals to the processor that it is ready for memory access. This signal is 
used to add wait states to the AT-bus timing during video memory access. 

ADDRESS ENABLE. This signal is used by the OTI-087 to qualify the video 
VO access from the CPU. When it is active high, the DMA controller has 
control of the address bus, data bus, and command lines. 

REFRESH. This signal is used by the OTI-087 to qualify the video memory 
access and the VO access from the CPU. An active low signal indicates a 
system memory refresh cycle. 

MEMORY READ. This is an active low memory read strobe, asserted during 
memory read cycles. 



Pin 




I016n 



MASTERn 



ALE 



ROMENL 



RSET 



O 



92 



93 



95 



97 



VO 



ENVGA 



ZEROWSn 99 



VO 



BHEn 



lORn 



lOWn 



100 



101 



102 



CRT INTERRUPT REQUEST, 
vertical retrace occurs if it is 
register. It is an active low- 



enabled by bit 5 in the Vertical Retrace End 
collector output. 



ifr-BIT VO- l^^s &cme low. open drain output signal is used to indicate to 
the system that the present data transfer is a 16-bit VO cycle. It is derived 
from an address decode. 

MASTERn. This pin indicates that the current cycle is a master cycle when 
the controller is in add-on configuration. It enables the LA address to pass 
through during master cycle. 

ADDRESS LATCH ENABLE. This pin is used to latch a valid address from 
the microprocessor in add-on configuration. 

ROM LOW BYTE ENABLE. This active low signal enables the low byte of 
BIOS data to the CPU data bus in 16-bit BIOS configuration. In 8-bit BIOS 
configuration, this pin is not used. 

RESET. This is an active high system reset signal. This input signal will reset 
the VGA controller and initialize the configuration register based on the logic 
level on MD[15:0] pins at power-up reset. In a local bus configuration with 
Oak Technology's system logic chipsets, this pin is connected to system reset, 
and is used to determine the processor dock phase. 

VGA ENABLE. In non-local bus configurations, this pin acts as the address 
select for the controller. The selected address range includes the VGA address 
space, color palette register address space, video memory space and the VGA 
BIOS space. The address select condition is enabled by register 303^ bit 
and register 102j| bit 0. 

ZERO WATT STATE. This pin is used to indicate the current cycle is a zero 
wait state AT-bus cycle. 

BYTE HIGH ENABLE. This active low input indicates that there is valid 
data on the SD[15:8] bus. This signal and SA[0] together indicate to the 
OTI-087 whether an 8-bit or 16-bit cyde is being executed by the system. 

VO READ. This is an active low VO read strobe, asserted during VO read 
cydes. 

VO WRITE. This is an aaive low VO write strobe, asserted during VO write 
cydes. 



Pin 

Name 
CA[23:17] 

CA[16:0] 



ADSn 



Pin 
74:68 

67:62. 

60:50 



93 



?in 
I 



Description 

CPU ADDRESS BUS 23:17. 

CPU ADDRESS BITS 16:0. For 80386SX local bus, these pins 
can be connected directly to the CPU address bus. For 80386/80486 local bus 
configurations, CA[16:2] should be connected to CPU address bits [16:2] and 
CA[1:0] should be connected to SA[1:0] of the AT bus. 

ADDRESS STATUS. This input from the CPU indicates when a valid 
address is on the bus. 



PROCLK 95 I/O PROCESSOR CLOCK. The processor clock input samples the CPU status 

and address. This is a IX dock for 486 CPUs and a 2X clock for 386 CPUs. 



WRn 98 I WRIT^/READ. This input from the CPU distinguishes between write and 

read cycles. 

DCn 99 yO DATA/CONmOL This input from the CPU distinguishes between data 

cycles and control cycles. 

HLDA 92 I HOLD ACKNOWLEDGE. This CPU input indicates a DMA or Master 

cycle. 

ATOEHn 47 O AT-BUS HIGH BYTE DATA ENABUE. This is an active low output enable 

signal for AT-bus high byte data. This pin is used with 80386D3^80486 local 
bus configurations. See 8038603^80486 local bus diagrams for details. 

ATOELn 10 1/0 AT BUS LOW BYTE DATA ENABLE. This is an active low output enable 

signal for AT-bus low byte data. This pin is used with 8038603^80486 local 
bus configuration. See 80386D^80486 local bus diagrams for details. 

DIR 1 1 yO DATA DIRECTION CONTROL This signal controls the direction of the 

data buffer between either the AT-bus or the CPU local bus and the VGA 
bus. A logical high directs data into the VGA and a logical low provides data 
output to the AT or CPU bus. This pin is used with 8038603^80486 local 
bus configurations. See 803860^80486 local bus diagrams for details. 

SOLOEn 12 VO SYSTEM DATA LOW OUTPUT ENABLE. This active low signal is used to 

bus. This 



bus to 

isurations. 



IS 



Name 
CPUAO 



CPUAl 



15 



VO 



CPUBHEn 16 



VO 



CPURESET 


17 


GA20 


19 


SRDYI 


20 



LBSELn 



23 



O 



SRDY 



78 



VO 



Pin 

Name 

VCLK 

MCLK 

CSEL[0] 



106 
107 



CPU ADDRESS BIT 0. This is the translated CPU address bit that is 
generated from the 4 byte enables of the CPU by implementing an external 
PAL This signal is used with 8038603^80486 local bus configurations. See 
80386DV80486 local bus diagrams for details. 

CPU ADDRESS BIT 1. This is the translated CPU address bit 1 that is 
generated from the 4 byte enables of the CPU by implementing an external 
PAL. This signal is used with 80386D5780486 local bus configurations. See 
8038603^80486 local bus diagrams for details. 

CPU BYTE HIGH ENABUE. This active low input is the translated byte high 
enable generated from the 4 byte enables of the CPU by the external PAL 
This signal is used with 8038603^80486 local bus configurations. See 
8038603^80486 local bus diagrams for details. 



VO CPU RESET. This is the reset signal synchronized with the CPU clock. It is 
used by the VGA controller to determine the correct sampling phase. 

I GATE A20. This signal is used only with local bus configuration. 

I SYSTEM READY INPUT. This input from the system chipset indicates the 

termination of a cycle. This signal is used with 8038603^80486 local bus 
configurations. See 8038603^80486 local bus diagrams for details. 



LOCAL BUS SELECT. This active low signal indicates to 80386DX or 80486 
system controller chipsets that the current cydc is a video local bus cycle and 
that the chipset should not respond to the CPU. This signal also indicates to 
the CPU that the current cycle is a 16-bit cycle. This signal is used only with 
80386034/80486 local bus configurations. See 8038603^80486 local bus 
diagrams for details. 

SYSTEM READY. This tri-state, aaive low output indicates the termination 
of a CPU bus cycle. For chipsets with separate SRDYI and SROYO, this 
signal is sampled hy the system controller chipset to indicate the actual 
termination of the bus cyde. This signal is driven high for one-half of the 
PROCOC before being tri-stated at the end of a cycle. 



I^ Description 

I VIDEO CLOCK This is the master input pixel dock. 

I MEMORY CLOCK. This is the input clock used for memory timing. 



Pin 

Name 

CSEL[1] 



CSEL[2] 



Pin 

104 



Pin 
O 



103 VO 



Description 

CLOCK SELECT LINE 1. Clock select lines are used to select the appropriate 
pixel clock frequenqr. This pin can be programmed through register 3DFj^ 
index 6 or register 3C2j^. 

CLOCK SELECT UNE 2. Clock select Knes are used to select the appropriate 
pixel clock frequency. This pin can be programmed through register 3DFj^ 
index 6. 



CSEL[3] 18 O CLOCK SELECT LINE 3. Clock select lines are used to select the appropriate 

pixel clock frequency. This pin can be programmed through register SUB^ 
index 6. 



Pin 


Pin Pin 


Name 


# l533 


P[7:0] 


33:30. 




28-^5 



VSYNC 



HSYNC 



BLANKn 



PCLK 



DACRDn 



DACWRn 



34 O 



35 



36 



37 



O 



O 



O 



O 



O 



Description 

PIXEL DATA. This is the 8-bit pixel data bus (bits 7-0). This output bus 

interfaces to an external palette chip for color mapping during CRT display. 

VERTICAL SYNC. This signal provides the vertical synchronization pulses 
for the display monitor. Tlie polarity of the pulse is determined by bit 7 of 
the Miscellaneous Output Register. 

HORIZONTAL SYNC. This signal provides the horizontal synchronization 
pulses for the display monitor. The polarity of the pulse is determined by bit 
6 of the Miscellaneous Output Register. 

BLANK This active low output signal provides blanking to the color palette 
to blank the pixel data for the display monitor. 

PIXEL CLOCK. The pixel dock output latches the pixel data P7-P0 to the 
color palette. The dock rate is selected by the dock select pins for the current 
video mode. 

COLOR PALETTE READ. This active low VO read signal is generated for 
reading external color palette registers. 

COLOR PALETTE WRITE. This active low I/O write signal is generated for 
writing to external color palette registers. 



bigh byte 
single 



EPDATA 
MXPCLK 

SWSENSE 



Pin 

Name 

MA01[8:1] 



24 I 



Pin Pin 

± I^ 

134:131. 

129:126 



20 I ENABLE PDATA. This active high input is used to enable the PDATA. 

23 O MUX CLOCK. For 24-bit color mode support with a color palette that 

requires a 24-bit bus, this dock signal is used as the PCLK for latching 
PDATA to a bank of external data latches. 



SWITCH SENSE. This input signal is used to auto-detect the monitor type. 



MA23[8:1] 115:108 



Description 

MEMORY ADDKESS MAPS 0. 1. Memory address for maps 0.1 bits 8:1 

for 256KxXX and 512Kx8 DBAMs. bits 7:0 for 64Kxl6 DRAMs. 

MEMORY ADDRESS MAPS 2. 3. Memory address for maps 2.3 bits 8:1 for 
256KxXX and 512Kx8 DRAMs. bits 7:0 for 64Kxl6 DRAMs. 



RASLn 



RASHn/ 
MA9 



120 O ROW ADDRESS STROBE LOW. This active low output signal connects to 

the first 1 MByte of 256KxKX DRAMs. the first 512Kbytes of 64Kxl6 
DRAM*s. and all banks of 512Kx8 DRAMs. 

125 O ROW ADDRESS STROBE HIGH. This active low output signal 

connects to the second 1 MByte of 256KxXX DRAMs or the second 
512Kbytes of 64Kxl6 DRAMs. For 512Kx8 DRAMs. this pin is memory 
address bit 9, and should be connected to all maps and all banks of 512Kx8 
DRAMs. 



CASAn/ 123 O COLUMN ADDRESS STROBE/WRITE ENABLE. This active low output 

WEn signal connects to all video memory maps and to all banks of 256KxXX- 

CASAn connects to all video maps of 512Kx8. but only to maps 0. 1 of all 

banks of 64Kxl6 DRAMs. 



WEAn/ 
CASOn 



WEBn/ 
CASi 



118 O 



CAS2n 



119 O 



WRITE ENABLE A/COLUMN ADDRESS STROBE 0. This active low write 
enable signal connects to memory maps and 1 in 16-bit MD configurations 
(4 - 256Kx4, 2 - 512Kx8). and is the write enabVcolumn address strobe for 
memory map in 32-bit MD configuration. 

WRITE ENABLE B/COLUMN ADDRESS STROBE 1. This active low write 
enable signal connects to memory maps 2 and 3 in 16-bit MD configurations 
(4 - 256Kx4, 2 - 512KxS). and is the write enabVcolumn address strobe for 
memory map 2 in 32-bit MD configuration. 



Pin 
Name 
WEDn/ 
CAS3n 


Pin 

± 
117 


MA01[0]/ 
CASBn 


124 



MA23[0] 



MD[31:0] 



Is^ « 

O WRITE ENABLE D/COLUMN ADDRESS STROBE 3. This active low write 

enablVcolumn address strobe signal connects to memory map 3 in 32-bit MD 

configuration. 



O 



122 O 



9:2. I/O 
160:153, 
152:145, 
143:142, 

140:135 



MAP 0,1 MEMORY ADDRESS BIT 0. Memory address bit for maps 0,1 
in256KxXXand512Kx8 DRAM configurations. This signalis CASBn for 
maps 1, 3 in 64Kxl6 DRAM configurations. 

MAP 2,3 MEMORY ADDRESS BIT 0. This signal is memory address bit 
for maps 2,3 in 256KxXX and 512Kx8 DRAM configuration. 

MEMORY DATA. This is the memory data bus, bits 31-0. MD[15:0] are also 
used for the configuration register during hardware reset. MD[7:0] 
correspond to bits 7:0 of Configuration Register 1 and MD[15:8] 
correspond to bits 7:0 of Configuration Register 2. See Memory 
Mapping table and block diagrams for further details. 



Pin 

Name 

EEPCSn 



EEPSK 



EEPWD 



EEPRD 



Pin 
47 



103 



X'^ 



^^ 



\ 



105 



Pin 

Type Description 

O EEPROM CHIP SELECT. This signal is used to enable the serial EEPROM 
for read and write operations. 

O EEPROM SHIFT CLOCK. This clock can be toggled tiirough register SDV^ 
index 18„. 



104 O EEPROM WRITE DATA. Data can be written to the EEPROM through U>e 

^fcl data bit in the register 3DFjj index 18^. 

I/O EEPROM READ DATA. Data can be read from the EEPROM through the 
data read bit in the register 3DE„ index IS^. 



Pin Pin 



Pin 

Name ± 

VSSOO. 1, 

VSS01.VSS02. 29,41. 
VSS03.VSS04. 80,121. 
VSS05,VSS06 130.144 



Description 
EXTERNAL GROUND. 



VSSIO, 



9:2 



10 


BDIOI 


BDIO] 


ATOELn 


11 


BDIH 


BDIH 


DIR 


12 


BD[2I 


BDI2I 


SDLOEn 


13 


BDE3I 


BDI3I 


SDHOEn 


14 


BDE4I 


BDI4] 


CPUAO 


15 


BD[5I 


BDI5I 


CPUA1 


16 


BDI6I 


BDI61 


CPUBHEn 


17 


BDI7I 


BDI7] 


EEPCSn 


18 


CSELI3I 


CSELPI 


CSELI3I 


19 


EPCLK. 


EPCLK/GA20 


EPCLK 


20 


EPDATA 


EPDATA 


SRDYi 


21 


VDDO 


VDDO 


VDDO 


22 


VSSIO 


VSSIO 


VSSIO 


23 


iSAXPCLK. 


LBSELn 


LBSELn 


24 


SWSENSE 


SWSENSE 


SWSENSE 


33:30,28:25 


P[7:0] 


PI7:0I 


P[7:0I 


29 


VSSOl 


VSSOl 


VSSOl 


34 


VSYNC 


VSYNC 


VSYNC 


35 


HSYNC 


HSYNC 


HSYNC 


36 


BLANKn 


BLANKn 


BLANKn 


37 


PCLK. 


PCLK 


PCLK 


46:42,40:38 


SDI15:8I 


SDI15:8I 


SD[15:8I 


41 


VSS02 


VSS02 


VSS02 


47 


EEPCSn 


EEPCSn 


ATOEHn 


48 


DACRDn 


DACRDn 


DACRDn 


49 


DACWRn 


DACWRn 


DACWRn 


51:50 


SAIliO] 


CAIhOI 


SAI1:0I 


67:62,60:52 


SAI16:21 


CA[ 16:21 


CAE 16:21 


74:68 


LAI23:17I 


CAI23:17I 


CAI23:171 


6i 


VDDl 


VDDl 


VDDl 


85:81,77:75 


SDE7:01 


SDI7:03 


SDI7:0I 


78 


Ml6n 


SRDY 


SRDY 


79 


lOCHRDY 


lOCHRDY 


lOCHRDY 


80 


VSS03 


VSS03 


VSS03 



RFSHn 



RFSHn 



RFSHn 



90 



93 


ALE 


ADSn 


ADSn 


94- 


VDD2 


VDD2 


VDD2 


95 


ROMENLn 


PROCLK 


PROCLK 


96 


VSSI1 


VSSI1 


VSSIl 


97 


RSET 


RSET 


RSET 


98 


ENVGA 


WRn 


WRn 


99 


ZEROWSn 


DCn 


EPDATA 


100 


BHEn, 


BHEn 


BHEn 


101 


lORn 


lORn 


lORn 


102 


lOWn 


lOWn 


lOWn 


103 


CSELI21 


CSEL[2I 


CSEL[2] 


104 


CSELIU 


CSELHI 


CSEL[1I 


105 


CSEL[01 


CSELIOl 


CSELIO] 


106 


VCLK. 


VCLK 


VCLK 


107 


MCLIC 


MCLK. 


MCLK 


115:108,122 


MA23I8:01 


MA23[8:0I 


MA23I8:01 


116 


WECn 


WECn 


WECn 


117 


WEDn 


WEDn 


WEDn 


118 


WEAn 


WEAn 


WEAn 


119 


WEBn 


WEBn 


WEBn 


120 


RASLn 


RASLn 


RASLn 


121 


VSS04 


VSS04 


VSS04 


123 


CASAn 


CASAn 


CASAn 


134:131. 


MA01[8:1] 


MA01I8:1I 


MA01I8:11 


129:126 
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MAOIIO]/ 


MAOlIOy 


MAOlIOy 




CASBn 


CASBn 


CASBn 


125 


RASHn/MA9 


RASHiVMA9 


KASHn/MA 


130 


VSS05 


VSS05 


VSS05 


152:145,143, 


MD[15:0I 


MD[15:01 


MD[15:0I 


142,140:135 








141 


VDD3 


VDD3 


VDD3 


144 


VSS06 


VSS06 


VSS06 


160:153 


MD[23:16I 


MDE23:161 


MDI23:16] 
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VSSOO C 
MD24 C 
MD25C 
MD26C 
MD27C 
M02SC 
MD29 d 

Moaot: 

MD31 C 

BDOC 

BD1 C 

BD2C 

BD3C 

BD4 C 

BD5C 

BD6C 

BD7 C 

CSEL3 C 

EPCLK C 

EPDATA C 

VDDOC 

VSSIO C 

MXPCLK C 

SV\^ENSE C 

POC 

PI C 

P2C 

P3C 

VSS01 C 

P4 C 

P5 C 

P6 E 

P7C 

VSYNCC 

HSYNCC 

BLANKn C 

PCLKC 

SD8C 

SD9C 

SD10C 
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119 

118 

117 

116 

115 

114 

113 

112 

111 

110 

109 

108 

107 

10S 

105 

104 

103 

102 

101 

100 

99 

98 

97 

96 

95 

94 

93 

92 

91 

90 

89 

88 

87 

86 

85 

84 

83 

82 

81 
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3RASU 

DWEBn 

3WEAn 

3WEDI1 

3WECn 

2 MA23[ej 
3MA23[7J 

3 MA23[6i 
3 MA23[5} 
3 MA23[41 
3 MA23[3] 
3 MA23[2} 
3 MA23[1} 
3MCLK 
3VCLK 
3CSEL0 

3 cseu 

3 CSEL2 

3|0Wa 

3IORn 

3BHEn 

3 ZEROWSn 

3ENVGA 

3RSET 

3 VSSI1 

3 ROMENfl-n 

3VDD2 

DALE 

3MASTEf^ 

3 [01 6n 

3CINT11 

3MWRn 

3MR0n 

3RFSHn 

3AEN 

3SD7 

3SD6 

3SD5 

3S04 

3SD3 




vssoo c 

MD24 C 

MD25C 

MD26C 

MD27C 

MD28C: 

MD29C 

MDSOC 

MD31 C 

BDOt: 

B01 C 

BD2C: 

BD3i: 

BD4 C 

BDSC 

bd6e: 

BD7C 

CSEL3 C 

EPCLKyGA20 C 

EPDATA C 

VODOC 

VSSIO C 

SWSENSE C 
POC 
PI C 
P2C 
PSC 
VSS01 C 
P4C 
P5C 

pec 

P7C 

VSYNC C 

HSYNC C 

BUNKnC 

PCLKC 



SD8C 38 

SD9C 39 

SD10 C 40 
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10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

aa 

33 
34 
35 
36 
37 



120 3 RASLn 
119 3WEBn 
118 3WEAn 
117 3WEDn 
116 3WECn 
115 3MA23[8] 
114 3MA23I73 
113 ^MA23I6] 
112 3MA23[5] 
111 3MA23[4J 
3MA23I31 
1C» 3MA23f2] 
108 3MA23[1] 
107 3MCLK 
106 3VCLK 
105 3CSEL0 
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104 
103 
102 
101 
100 



S5 
94 
93 
S2 
91 
90 
89 
88 
87 
86 
85 
64 
83 
82 
81 



DCSELI 

ICSBIZ 

3lOWn 

3lORn 

3BHEn 

3DCn 

3WRn 

3RSET 

3VSSI1 

3 PROCtK 

3VDD2 

DADSn 

3HLDA 

3 I016n 

3CINTn 

3MWRX) 

3MRDn 

3RFSHn 

3AEN 

3SD7 

3SD6 

3 SOS 

3SD4 

3SD3 
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vssoo c 


1 


MD24 C 


2 


MD25 C 


3 


MD26 C 


4 


MD27 C 


5 


MD2S C 


6 


MD29 C 


7 


MD30 C 


8 


M031 C 


9 


ATOELn C 


10 


DIRC 


11 


SOLOEn C 


12 


SDHOEn C 


13 


CPUAO C 


14 


CPUA1 C 


15 


CPUBHEn C 


16 


EEPCSn C 


17 


CSEU C 


18 


EPCLK C 


19 


SRDMC 


20 


VDOO C 


21 


VSSIO C 


22 


LBSELn C 


23 


SWSENSE C 


24 


PO C 


S 


PI C 


26 


P2C 


27 


P3 C 


23 


VSSOl C 


^ 


P4 C 


S) 


P5 C 


31 


P6 C 


32 


P7C 


33 


VSYNC C 


34 


HSYNC C 


2S 


BLANKn C 


m 


PCLK C 


37 


S08 C 


33 


SD9 C 


^ 


SD10 C 


40 
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120 D 

119 3 

118 3 

117 3 

116 3 

IIS 3 

114 3 

113 3 

112 3 
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101 
100 



97 

96 
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8S 
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RASln 

WEBn 

WEAn 

WEDn 

WECn 

MA23[8] 

MA23f7] 

MA23[6] 

MA23[S] 



111 3MA23[4i 
110 3MA23[3i 
109 3lutA23[2i 
108 3 MA23ili 

107 3 UCLK 

108 3VCLK 
105 3CSEt0 
104 3CSEL1 

3CSEL2 

310Wn 

3lORn 

3BHEn 

3 EPDATA 

3 WRn 

3RSET 

3 VSSI1 

3 PROCLK 

3VDD2 

3MSn 

3HLDA 

3 lOISn 

3CINTn 

3MWRn 

3MRDn ' 

1 RFSHn 

3AEN 

3SD7 

84 3SD6 

S3 3 SOS 

82 3S04 

81 3SD3 
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Refer to OTI-067 databook or IBM technical reference for VGA register definition. All registers are in 
hexadecimal format. Local bus related registers follow: 



Bit Description 

VMSO: En/Dis video memory AOOOO - AFFFF (64ig. 

1 VMSl: En/Dis video memory BOOOO - BOFFF {4ig. 

2 VMS2: Bn/DU video memory BIOOO - B3JTF (i6K). 

3 VMS3: En/Dis video memory B4000 - B7FFF (16IQ. 

4 VMS4: En/Dis video memory B8000 - BBFFF (16K). 

5 VMS5: EivDis video memory BCOOO - BFFFF (16K). 
7-6 Reserved. 



Default : IF 



There are two sets of registers that control the IBM VGA products. One register set controls access to the on- 
board, system VGA and the other register set controls access to the add-on VGA. These registers are used to 
enable or disable the appropriate VGA interface. The OTI-087 chip contains both add-on and on-board 
registers. The registers that control on-board operation also reside in the system chipset or on the 
motherboard. The addresses for both register sets are: 

AddHDH VGA mode 46E8 control (in OTI-087) 

0102 enablV^isabie (in OTI-087) 

On-board VGA mode 03C3 enabVdisable (in OTI-087) 

0094 control (in OTI-087 and system chip) 
0102 enable/disable (in OTI-087) 



In order for the OTI-087 to properly function in the add-on mode, the following initialization sequence is 
recommended. This example assumes no BIOS ROM paging. 

46E8 <= 10 Enable access to location 0102 in VGA chip. 

0102 <=» 01 Enable VGA chip. 

46EZ <- 08 Activate read/write access to VGA interface. 
Once in this mode. 46E8 bit 3 may be cleared to disallow access or may be set to permit access to the VGA 



ters will not respond to 



This is a write-only register. This register serves as the Power on Setup (POS) equivalent on 
Micro Channel Architecture (MCA) machines. 



7-5 



Reserved. 

VGA, Color Palette, and ^deo RAM access control. 
Bit 3 Description 

Disable read/write access to VGA/Color Palett^deo RAM. 

1 Enable read/write access to VGA/Color Palett^Tideo RAM 
(normal operational mode). 

This bit sets the current state of the OTI-087 in add-on mode. 
Bit 4 Description 

Add-on card is in the ACIWE state (this is the normal mode of 
operation for the add-on mode). 

1 Add-on card is in the SETUP state. This permits a software utility 
to enable or disable access to the OTI-087 chip. 

Reserved. 



Description 

VGA. Color Palette, and Video RAM access control. 
Description 





1 

7-1 Reserved. 



Disable read/write access to VGVColor Palett^/Video 
Enable read/write access to VG^^Color Palett^^deo 



When the OTI-087 is configured to operate on a system motherboard, the ENVGA pin or register 3C3 in 
conjunction with registers 94/102 controls access to the OTI-087. To access the OTI-087 chip. ENVGA 
should be asserted or register 3C3 bit set to 1. Register 102 bit should also be set to 1. To access register 
102 in on-board configuration, OTI-087's register 94 bit 5 should be written vrith a 0. The definition of 
register 94 inside OTI-087 is given below. 



This is a write only register. 
Ik Description 
4-0 Reserved. 

5 VGA. Color Palette, and Video RAM access control. 

Bitl Descriprion 







Disable read/write access to VGA/Color PalettV^ideo RAM. 
Enable write to register 102. 

Enable read/write access to VG^Color Palettc/^^deo 
Disable write to register 102. 



Bit Description 

2-0 Test mode - These bits define the test modes of the controller. 



Bits 2-0 
000 
001 
010 

on 

100 
101 



no 
in 

Reserved. 
Cache Flush 
Bit 4 


1 



Test mode 

Test CRTC 

Reserved. 

Test waveform RAM. 

Reserved. 

Reserved. 

Scan Test Attribute Controller. This bit forces the font data and 

attribute data to be replaced by the system data bus 15:8 and 7:0 

respectively in text mode. In graphic mode, this bit replaces the 

APA data with system data bus 15:8. 

Reserved. 

Reserved. 



Description 
Normal operation. 

Flush the write cache immediately after a write command. 
VSYNC Test. This bit will cause the V-sync to toggle when it is changed from 1 to 
or from to 1. 
VO write test bit. 
Bit 6 

1 



Enable test mode. 

liLZ 

1 



Description 

Normal operation. 

yO test mode - In this mode, an J/O write command is not 

clocked by MCLK. Bit 6 must be during normal operation. 

Description 
Normal operation. 

Enable global test modes. Bit 7 must be during normal opera- 
tion. 



Default: 



Description 

First write wait state. 







Description 
No additional wait 
cycle is a memory 
One wait state is 



for the first write q^cle (the first write 
cycle when the write cache is empty). 
into the first write cycle. This bit 



CPU or 






No additional wait state for write hit cycle (a write hit q^cle is a 
write qrcle which shares the same cache page address with the 
previous write). 

1 One wait state is inserted into each local bus write hit cycle. 
This bit should be turned on when the controller is operated with 
40 MHz or higher frequency 80386 and 80486 CPU's. 

Read hit wait state. 

Bit 2 Descri ption 

No additional wait state for read hit cycle (a read hit cyde is a 
read cycle in which the content of the read already exists in the 
read cache), 

1 One wait state is inserted into each local bus read hit cycle. 

This bit should be turned on when the controller is operated with 
40 MHz or higher frequency 80386 and 80486 CPU's. 
80486 Minimum wait state. 

Bit 3 Description 

Zero-wait-state 80486 local bus. 

1 Minimum 1-wait-state 80486 local bus. This bit has no effect on 
configurations other than 80486 local bus. 

Turbo local bus interface. 

Bit 4 Description 

Normal local bus operation (OTI-087 Rev A and OTI-087 Rev B) 

1 Enable this bit for faster local bus performance. 



7*4 Reserved. 



Bk Description 

Enable Oak address mapping. 

BitO Description 

VGA memory mapping at AOOOO and B8000 as dictated by 
Graphic register 6. 

1 Oak memory mapping as dictated by bit 2 and 3 of this register. 

1 DMA access disable. 

Bitl Description 

Normal operation. 

1 Disable DMA access to video memory. This bit is used when the 
OTI-087 linear address range is to be higher than 16 Mbytes. 

3-2 Memory address aperture select. These bits define the memory address aperture for 
which the OTI-087 will respond. These bits have no effect if bit >= 0. 
MemoiyiAdd ress aperture 




7-4 These bits define the starting address range for the OTI-087. 
Bits 7-4 Start address 

0000 000000 - only VGA memory mapping (AOOOO-BFFFF). 

__0001_____-i0000flu_- 

1111 Foiaooo 

For 2 Mbyte aperture, the starting address has to be muUiple of 2 Mbyte. 
Default 



Bit Description ^ ^r^rrom «■ 

3^ Video Clock Selea. The state of these 4 bits are reflerted m the pins CSEL13:0J. Kits 
1-0 of this register are the images of bits 3-2 of register 3C2. Bit 2 of this register is 
the image of bit 5 of extended register D. See frequency table for more details. This 
frequency table reflects OTI-068 only. Initure Oak dock chips may have different 
frequencies. 






























1 





1 





1 





1 


1 





1 





1 





1 





1 


1 



25.2 

1 28.3 

1 65.0 
i 1 44.9 
28.3 

1 36.0 

1 40.0 
1 1 36.0 
25.2 

1 28.3 

1 78.0 
1 1 65.0 
63.0 
n 1 72.0 



Software reset must be executed each time this register is updated. 



BIOS path width selection. 

Bit Description 

8-bit BIOS (1 ROM) 

1 16-bit BIOS (2 ROM's) 

2-1 Bus Modes. These bits define the bus configuration of the controller. Per different 
types of local bus configurations, see Configuration Register 2, bits 1 and 0. 
Bits 2.1 Bus Modes 

00 Local bus Motherboard. When this mode is selected, the OTE-087 
must be enabled through port 94/102 and 3C3. This mode also 
disables ROM decoding at COOOO. 

01 Local bus Add-on. When this mode is selected, the OTI-087 must 
be enabled through port 46E8/102 and enables ROM decoding at 
COOOO. 

10 Motherboard, AT-bus configuration. In this configuration, the 
OTI-087 is enabled through 94/102 and either 3C3 or ENVGA 
and does not respond to COOOO. 

11 Add-on card. AT-bus configuration. In this configuration, the 
OTI-087 is enabled through 46E8/102 and responds to COOOO. 

4-3 DRAM type. These bits define the type of DRAM used. 
gits 4.3 DRAMTyBfi 

00 64Kxl6 

01 Reserved. 

10 256KxXX 

11 512Kx8. 

5 Configuration for pin 92 when in local bus configuration (bit 2 of this register = 0). 

Bits Description 

pin 92«MASTERn 

1 pin 92=HLDA 

6 VO ^te sampling clock speed. lOWh from the AT-bus is internally sampled with 
MCLK, thus it is important to indicate to the I/O controller the MCUC speed. 

Bit 6 Description 

MCLK >" 44 MHz 

1 MCLK<44MHz. 

7 - CPU Clock select. 

liLZ Pesaiption 

Normal system dock; 2X clock for 386, IX dock for 486. 

1 VL-Bus CPU dock; IX dock for 386. 

Bit 2 and bit 7 of this register Jn combination with bits 1,0 of Configuration Register 
2 are used to enable the EEPROM fiinction for capable 386/486 local bus 
configurations. 

Index"*? Index»»S 

Bit 7 2 Bitl EslIZ PgCT p tion 

X BD[7] Oak Local Bus 




1-0 Local bus interface select bits - These bits define local bus type. These bits only have 
effect when bits 2 and 1 of Configuration Register 1 are 00. 
Bits 1.0 BusTy pg 

00 Oak local bus. 

01 80386 local bus interface. 

10 80486 local bus interface. 

11 Reserved, 
^13^ Color Palette interface select bits. 

Bits 3.2 Color Palette Type 

00 Type 0: BT476, SC11487. IMSG174 or equivalent. 

01 Type 1: MU9C1715 or equivalent. 
^ Type 2: BT484 or equivalent. 

11 Reserved. 

For Type 0. PCLK is passed through. For Types 1 and 2, PCUC is di\dded by two 
when in Hi-color mode and divided by three when in true color mode. Also, for 
Types 1 and 2, MUXCLK is generated to latch pixel data. For Type 2, BLANKn is 
delayed by 1 divided PCLK. 
5-4 Reserved. 

6 Enable Feature Connector for selert local bus configurations. Bits 0. 1. and 6 of this 
register determine the function of pins 19 and 20. Bit 6 can only be enabled when 
GA20 and SRDTi are not needed. 

Bits 6. 1. Pin 19 Pin 20 linJi 

GA20 N.C. DCn 

1 GA20 SRDTi DCn 

1 GA20 SRDTi DCn 
Oil 

1 EPCLK EPDATA DCn 

1 1 EPCLK SRDTi EPDATA 

1 1 EPCLK SRDTi EPDATA 

111 

7 DRAM support bit. This bit determines whether pins 116-119 and pin 123 is a write 
enable or CAS pin for different DRAM types. 

The contents of this register are loaded from MD[15:8] during hardware reset, 
lii Pin 123 Pin 118 Pin 119 ?in U6 Pin U? 
CASAn WEAn WEBn WECn WEDn 
CASAn CASBn CASCn CASDn 



^^'^-^f^^H^i^y-^f: i._ 



7-0 



Bit Description 

2-0 FIFO depth control. A minimum memory FIFO depth is filled with display data 

before CPU read/write request is allowed to process. These bits are the image of index 

register 20 bits 2-0. 
4-3 Extended graphics mode selection. These two bits are the image of extended register 

21 bits 3-2. 

Bits 4.3 Mo4g SdcOiiion 

00 VGA modes or Oak planar modes. 

01 Oak packed pixel modes. Used for 256, 32K. 64K and 16M 
color modes. 

10 Reserved. 

11 Reserved. 

5 Clock select bit 2 (CSEL2). Used with bits 2 and 3 of Miscellaneous register in the 

general registers area to select different clock frequencies.. Up to eight different clock 
inputs can be selected. This bit is the image of extended register 6 bit 2. Refer to 
extended register 6 for clock table. 
7-6 Reserved. 
This register is for compatibility purposes only. New software devdopmeat should use extended 



Default- 



Bit P^scription 
7-0 Not used. 



Bit Descrip tion 
7-0 Not used. 



Description 

7-0 Dip switch status register. The contents of this register are loaded from SD[7:0] 
during hardware reset. 



Ik Description 

3-0 Read segment for GPU memory read. 



These two 4-bit segment registers are used to extend the CPU address for video memory sizes greater 
than 256 Kbytes. Bits 3-0 are used to address the video memory read operation. Bits 7-4 are used to 
address the video memory for write mode operations. Bits 3-0 are the image of index register 23 bits 3- 
0. Bits 7-4 are the image of index register 24 bits 3-0. 

CPUADDR[19:16] » NRU[3:0] for read. 

CPUADDR[19:16] - NR11[7:4] for write. 
This register is provided for compatibility purposes only. New software development should use 
registers 23, 24 & 25. 
Default: 



Bit Description 
7-0 Not used. 



Bit Description 
2-0 Reserved. 

3 AT-bus ZeraWait-State enable. 

Bit 3 Descri ptio n 

Disable zero wait state AT-bus operation. 

1 Enable zero wait state AT-bus operation. 

4 BIOS ROM bus width selection. 

Bit 4 Description 

Enable 8-bit video BIOS ROM interface. 

1 Enable 16-bit video BIOS ROM interface. 

5 BIOS ROM address selection. 

Bits P esc ripti p n 

Enable video BIOS ROM access at COOOO. 

1 Disable video BIOS ROM access at COOOO. 

6 yO access bus width selection. 

Bit 6 Description 

8-bit yO access. 

1 16-bit yO access. 

7 Video memory bus width selection. 

Description 

&-bit memory access. i i ^^ 

1 16-bit memory access. 



Vertical Total Bit 10 



Index = 17, bit 0. 



Bit Description 

7-0 This 7 bit value indicates when the vertical retrace will start in eveiy odd frame during 
interlaced mode. The unit of this value is in the character position. 



Bit Description 
7-0 Not used. 



Bit Description 

2-0 High Order Start Address Bit 10-8. 

7-3 Reserved. 
Note: The High Order Start Address Bit 8 (bit of this register) can also be updated using 
register index = 14, bit 3. 



DegfflptJQA 

EEPROM Data. This bit is the data line between the serial EEPROM and the VGA 

controller. When reading this bit, data comes from CSEL[0]. When writing to this 

bit. data is sent to CSEL[1]. At the board level. CSEL[0] and CSEL[1] are connected to 

the EEPROM data out and the EEPROM data in pins respectively. 

EEPROM CS. This bit is used as the chip select control for the EEPROM. It should 

be set to 1 for the VGA controller to access the EEPROM. 

EEPROM Function Enable. This bit selects the function of the CSEL bus. When this 

bit is 1, CSEL[2:0] are used to interface with the EEPROM. When this bit is 0. the 

CSEL[2:0] function as clock select signals. 

EEPROM Clock(SIQ. The value of this bit. which acts as the shift clock for the serial 

EEPROM. is reflected on CSEL[2]. To program the EEPROM, this bit is 

programmed to toggle between 1 and every 4us. 



7-4 



3-0 



7-4 
Default: 4 



DjIoi Palette range. This register, in addition to the IBM VGA Color Palette address 
range 3C6-3C9. defines the 1/0 address range for the Color Palette . The Color 
Palette read and Color Palette write lines of the OTI-087 are activated when the 
programmable address range 3xO-3xF is accessed. Here x is defined by bits 3-0 of this 
register. The valid value for this register is to E. A programmed value of F disables 
the Color Palette range function. 
Reserved. 



Ik 

3-0 



7-4 
Default 1 



Description 

FIPO depth control. This register defines what minimum level the display FIFO must 

be filled to for a CPU read/write request to be processed. Bits 2-0 of this register are a 

mirror image of bits 2-0 of extended register D. 

Reserved. 



m 


1 
3-2 



4-6 
7 



Description 

Enable Hi-Color. This bit is used to select the OTI-087 for Hi-Color operation. 
When this bit is enabled, all horizontal CRT parameters are multiplied by two. 
Enable True Color. This bit is used to select the OTI-087 for True Color operation. 
When this bit is enabled, all horizontal CRT parameters are multiplied by three. 
Extended graphics mode selectiotL 
Bits 3J2 Mo d e $e l eaioB 

00 VGA modes or Oak planar modes. 

01 Oak packed pixel modes. Used for 256. 32K. 64K and 16M 
color modes. 

10 Reserved. 

11 Reserved. 

Bits 3-2 of his register are a mirror image of bits 4-3 of extended register D. 
Reserved. 
Select one refresh. 

Description 

Normal operation. 

1 When this bit is 1, only one memory refresh qrdc will be ex- 
ecuted per scan line. This bit overrides bit 6 of CRT register 



7-6 
Default: 



Enable content addressable for 64-bit graphic latch. When bit 4 is low^ and this bit is 

high, content of the 64-bit graphic latch can be selected from system address to be 

written out to video memory. 

Reserved. 

Enable read cache. This bit enables the read cache in the 0X1-087 controller. It 

should be set to 1 for high performance operation. 

Enable write cache. This bit enables the write cache in the controller. It should be set 

to 1 for high performance local bus operations. This bit must not be enabled for AT- 

bus implementations. 

Enable 64-bit graphics latch. 

CPU latch swap. This bit reverses the order of the high and low CPU latch during 

CPU write operations. This feature is useful when the CPU write address and CPU 

read address are unaligned. 

Reserved. 




Bit 
4-0 



7-5 



4-0 



7-5 



Description 

These 5 bits correspond to the CPUADR[20:16] for CPU read operations. They are 

used to extend the 64K video memory space (AOOOO-AFHFP). The least significant 4 

bits of this register are shared with NRH[3:0]. A write to one of these registers effects 

the contents of the other register. 

Reserved. 



Description 

These 5 bits correspond to the CPUADR[20:16] for CPU write operations. They are 

used to extend the 64K video memory space (AOOOO-AEFFF). The most significant 4 

bits of this register are shared with NR11[7:4]. A write to one of these registers effects 

the contents of the other register. 

Reserved. 



Description 
These 5 bits are a 
equivalent to 
equivalent to 



write port for both register 23 and 24. A write to this register is 
into both index registers 23 and 24, A read to this register is 
the ^tended write segment register. 



7-5 Reserved, 



Description 

Enable color expansion mode. 
BitO Description 

Disable color expansion mode 

1 Enable color expansion mode. Memory data written to the video 
memory depends on the contents of the foreground color 
register, the contents of the background color register and the 
contents of the color pattern register. 

Planar/packed pixel color expansion mode select. 
Bit 1 Description 

Packed pixel color expansion mode. 

1 Planar color expansion mode. 
Select pattern register for color expansion. 

Bit 2 Description 

The CPU data bus is used to select the foreground and back- 
ground register. 

1 The color pattern register is used to select the foreground and 
background register. 

Pixel mask enable. 

Bit 3 Description 

Disable pixel mask function. In this mode the masking function 
is compatible with the IBM VGA. 

1 Enable pixel mask function. In this mode both the map mask 
register and the address masking in packed pixel mode is dis- 
abled. 

Pixel mask ordering. 

Bit 4 Description 



Bit 7 correlates to pixel 7 of a character. 

1 Bit 7 correlates to pixel of a character. 



7-5 Reserved. 
Default: 



Bit Description 

7-0 Eoreground color register. These 8 bits define the foreground color in color 
expansion mode. 



7-0 Background color register. These S bits define the background color in color 




scriPtL 
7-0 Color 

in color expansion mode. When a I: 
Background color is selected when a 



it value is U the foreground color h 
hit value is 0. Bit 7 corresponds to 



7-0 



Descriotion 




Pixel mask bits. 




Bit 7-0 


Description 





Mask pixel data. 


1 


Pass through pixel data. 



These bits are effective when 
to mask individual pixels of a 
modes, this register can be used as 
bits are used as the map mask bits 
significant 4 bits are used when the 



"==1. For Oak packed pixel modes, this register can be used 
et.ver, with bit being the first pixel in a character. For plana 
the map mask register. In planar mode the least signiHcant 4 
when the video memory address is odd, and the most 



even. 



2-0 



7-3 



Description 

CPU latch index register. These 3 bits select the CPU latch that will be accessed 

through the CPU latch data register (index='3DF). This register is automatically 

inaemented when a read from or write to NE36 occurs. 

Reserved. 



7-0 



De script i on 

CPU latch data register. These 8 bits reflect the data stored in the graphics latch 

selected by the CPU latch index register. 



lit Description 

7-0 These are the high order bits of the horizontal starting position of the HC relative to 
the start of the display area in pixel units. The top left comer is at (0,0). 



7-0 



Description 

These are the low order bits of the horizontal 

the start of the display area in pixel units. The 



position of the HC relative to 
left comer is at (0,0). 



.??". 



7-0 



These are the high order bits of the vertical starting position of the HC relative to the 
start of the display area in pixel units. The top left corner is at (0.0). 



Bit Description 

7-0 These are the low order bits of the vertical starting position of the HC relative to the 
start of the display area in pixel units. The top left comer is at (0,0). 



Bit Description 

7-0 This register defines the starting horizontal position of the HC within the 64x64 pixel 
area. The HC always ends at position 63 (i.e.» no wrapping). 



Bit 

7-0 



Descri ption 

This register defines the starting vertical position of the HC within the 64x64 pixel 

area. The HC always ends at position 63 (i.e.. no wrapping). 



7-0 



Description 

This register is the low order byte of the high order word of the linear starting address 

of the 64x64 pixel buffer within the video memory. 



7-0 



Description 

This is the high order byte of the low order word of the linear starting address of the 

64x64 pixel buffer within the video memory. 



7-0 



Description 

This is the low order byte of the low order word of the linear start address of the 

64x64 pixel buffer within the video memory. 



^^^^^afj^iii^^^^^^'^i^-^:^^^-'^^ 



7-0 This regisEer defines the sprite color 1. 



ik Description 

HC color control. Power-on default is 0. 

BiLO D ggqi pti pn 

Disable HC color. 

1 Enable HC color. 

1 HC display selection. 

Bit 1 Description 

HC is in overscan mode. 

1 HC is displayed over the overscan. 

2 HC data format 



Description 

Bit is the first pixel 

1 Bit 7 is the first pixel. 
HC blink rate enable. 

Bit 3 Description 

Disable HC blinking. 

1 Enable HC blinking. 
HC blink rate control. 



Pits 3,4 


Blinkine rate 


00 


4 frames on and off. 


01 


S frames on and off. 


10 


16 frames on and o£f. 


11 


32 frames on and off. 



7-6 



Signal Timing 

Video Memory Cycle TImlsEg 



ALE 



1AI23:171 



MI61B 



zmowsn 



SA|t9:0] 



MWEn 

MMBn 



lOCHlBY 



SDII5:0] 
(Writs) 

SD[I5:01 



A 






r^^ 



*MI6 



/ 



S 



X 



tftSMC 



tMRDY 



"n 



*DSMW 



0Ti-@ET AS TlBtilfi^ and D0 Farameters 



^CP 



*DVMR 



y 



^ 



Vaad 



-A- 



X 



*AHMC 



r 



*DHMW 



3t 



*DH^AR 



^ 



SjfoM 



tAIX 



OAS 



ILAH 



tiVIio 



eCM6 



tASP/C 



tJVO 



tAHM: 



iDVim 



HtflHEW 



©^^IW 



ffiHME 



ALEA^tveto&iscttve 



LA[Z3:17] Seb^ to F,^^ Ed^ <^ALE 



LAIZ3:17}H<:^&cm 



Edge cf ALE 



MI&1 Acave fe»n V^ LAI23:171 



ZE^3WSnI^f 






S/^ 1 6O3 S^p to Stonray Ctaimisul Acfiv® 



I^irK»V Osmr^Hi h^s V^m 



S^l 6^ KcM irni i^wKsy Qsranmi fewiSim 



g^a Datt VA! 6mn MIU3ia Adiy® (0 Wdt S^) 



RDY ^^1^1^ iwi ^toiasy Cwmna^ Ai^\f® 



WR^ B^ ^a?> to MK^h ^i^TO 






MlisW 



m 



15 



165 



^ 



-4S 



IS 



Max(m) 



"25 



^Se4? 




M16n remains high when the Bus Control Register bit 4 or Configuration Register 1 bit is set to 0. 



tM16 



tASMC 



tMCP 



tAHMC 



tDHMW 



tDHMR. 



tBDSD 



M 1 6n Active from Valid LAI23: 1 7] 



SA[16:0] Setup to Memory Command Active 



Memoiy Command Pulse ^dth 



SA[16:0] Hold from Memoiy Command Inactive 



Write Data Hold from MWRn Inactive 



Read Data Hold from MRDn Inactive 



BD17:01 Valid to SD[1S:0I Valid 



ROMENLn Delay from MEDn 



MIes (bis) 



165 



20 



15 
-0 



■?■•■ 



%fCKL VCKH 




tHCH 'iCLCH *CHCL 

->1 K>i " 





tfiVCH 



< > 



*Chpx 




*CHBX 



'PVCH 



*CHPX *PVCH 



CHPX 



'MXPXS 



*MXPXS *MXPXH *FVCH 



XHPX 




^> 



'flVCH 



*BVCH <-> 



Symbol 


Parameter 


Mki (Eis) 


Max Cus) 


tVCKP 


Video Input Clock Period 


12 




tVCKH 


VCLK Width High 


6 




tVCKL 


VCLK Width Low 


6 




tCHCH 


Pixel QocR Period 


12 




tCHCL 


PCLK Width High 


tVCKH-1 




tCLCH 


PCLK Width Low 


tVCKL-1 




tPVCH 


Pixel Word Setup Time 


3 




tCHPX 


Pixel Word Hold Time 


3 




tBVCH 


Blankn Setup Time 


3 




tCHBX 


Blankn Hold Time 


3 




tMXPXS 


Mux Qoclc Setup Time 


3 


• 


tMXPXH 


Mux aock Hold Time 


3 




tPKMXK 


Pixel Clock to Mux Clock Delay 


2 






@TI-®S? 'm TImiiiE aisal PC Parameters 



Vide© DAC I/O Timing 



SA|t9:0I 



lOWn 



DACWRbb 



SDI1S:0] 
(Write) 



BDI7:0] 

(Write) 



lOEis 



DACRDn 



BD|7:0I 
(Read) 



SDEtS:0] 
(Read) 



X 



Valid 



^ 



*IOCP 



«1CDC 



*DWP 



"^rz:> 



*DVIW 



3 



VaUd 



tsDBD 



^^ 



VaUd 



\ 



tiCDC 



^ 



tBDSD 
K > 



( 



Valid 



Valid 



1 



J 



^ 



*DH1W 



3C 



> 



/ 



^CDC 

K — ^ 



/ 



*DH!R 



^--> 



>- 



SyMboI 


Parameter 


Misi (ffss) 


Max (sis) 


tASIO 


5A[1 6:0] Setup to I/O Command Active 


25 




tAHIO 


SAft 6:0] Setup from J/O Command Inactive 


30 




tlOCP 


VO Command Pulse Width 


115 




tDVJW 


Write Data Valid from lOWn Active 


-55 




tDHIW 


Write Data Hold from lOWn Inactive 


\S 




tDHIR 


Read Data Hold ^om lORn Inad^e 







tICDC 


DAC Command Delay from VO Command 




25 


tDWP 


DACWRn Pulse Wld^ 


70 




tSDBD 


SD|7:0] Valid to BD[?:0| Valid 




SO 


tBDSD 


BD17:01 Valid to SD[1S:0| Valid 




35 



fegeS! 




Symbol 


Farai3s@t@i' 


Mlm Cms} 


Max (us) 


tI016 


101 6n Active from Valid SAH 5:01 




60 


tASIO 


SA[1 6:0] Setup to yo Command Active 


25 




tAHIO 


SA[1 S:0] Hold from I/O Command InacQve 


30 




tlOCP 


^O Command Pulse Width 


115 




tDVIW 


Write Data Valid from lOWn Active 


-55 




tDHlW 


Write Data Hold from lOWn Inactive 


15 




tDVIR 


Read Data Valid from lORn Active 




70 


tDHIR 


Read Data Hold from lORn Inactive 








©IMS? AQ Timlsigaiid DC Faraiiieters 



Local Bus Interface f ImlMg 



386 CLKX 



486 CLK 



ABS 



ABDR 



DIE 



SDHOEn 
SDLOEn 



SRDYO 



CPIIAO 

CPUAl 

CPUBHEsB 



lOEn 

lOWlB 

ATOEHsa 
ATOELfli 

BIR 



iBSEiiB 



Wis 



SIDE 



leads® 



Write SI 



«ss 



v 



n 






£ 



/ 



Valid 



tSDOE 



*SRDY 



\ 



tAT( IE 
±=1 



^sa 



\ 



\__/^-\__/~V. 



1 



V 






*SDOt 

5> 



/ 



*SIU5Y 



^ 



/ 



tLBia 



<^ 



X 



\ 



«SSDRYI 

K 5<^ 



%^DS 






tftTOE 



*HSRDYI 



/ 



3c 



V^d 



%DH 



i 




Page S3 



tDIR 



DIR. Active from CPUCLK 



25 



tSDOE 



SDHOEn, SDLOEn Active from Valid Address 



15 



tSRDY 



SRDYn Actlv^nactlve from CPUCtK 



IS 

1 

20 

15 



tADEL 



CPU AO. At, BHEn Valid from BEO-3n 



tATOE 



ATOE Active from lOWRn/IORDn 



tlBSEL 



LBSELn Valid from SA 



tSSRDYl 



SRDYI Setup Time 



mSRDYl 



SRDYI Hold Time 



tss 



Status Setup Time 



tHS 



Status Hold Time 



tRDS 



Head Data Setup Time 



12 



tRDH 



Read Data Hold Time 



twos 



Write Data Setup Time 



tWDH 



Write Data Hold Time 



Note 1: This delay depends on the necessary external PAL Please refer to the tables below for PAL speed 

requirements. 



15 ns 
15 ns 
10 ns 



Memory Clock Period 



tMCKR 



Memory Clock Rise/Fall 



2,5 



tRC 



Random Rd/Wr Cycle Time 



tRP 



RASn Precharge lime 



tRAS 



RASn Pulse Width 



tCSH 



CASn Hold Referenced to RASn 



tAR 



Column Address Hold Ref. to RASn 



tRAL 



Column Address to RASn Lead Time 



2tMP 



tASR 



Row Address Setup Time 



ItMP 



tRAH 



Row Address Hold Time 



ItMP 



tRSH 



RASn Hold Referenced to CASn 



ItMP 



tASC 



Column Address Setup Hme 



ItMP 



tCAH 



Column Address Hold Time 



ItMP 



tCP 



CASn Precharge Time 



ItMP 



tCAS 



CASn Pulse Width 



ItMP 



tPC 



Fast Page Mode Cycle Time 



2tMP 



tRAC 



Access Time from RASn 



tCAC 



Access Time from CASn 



ttMP 



tAA 



Access Time from Col. Addr. 



2tMP 



tCPA 



Access Time from CASn Precharge 



2tMP 



tRWL 



WExxn to RASn Lead Time 



ItMP 



tWCR 



WExxn Hold Ref. to RASn 



twcs 



WExxn Setup to CASn 



OtMP 



tWCH 



WExxn Hold Ref. to CASn 



ItMP 



tCWL 



WExxn to CASn Lead Time 



ItMP 



tWP 



WExxn Pulse Width 



tDHR 



MD Hold Ref. to RASn 



tDS 



MD Setup to WExxn 



ItMP 



tDH 



MD Hold to WExxn 



tCSR 



CASn Setup to RASn (Ref. Cycle) (2) 



tCHR 



CASn Hold to RASn (Ref. Cycle) (2) 



1. Refresh Cycles are implemented as CASn before RASn REFRESH qrcles. 

2. Write cycles are implemented as EARLY WRITE qrcles. 



Ambient Operating Temperature 
Storage Temperature 
Supply Voltage to Ground Potential 
Applied Input Voltage 



0°Cto+700C 

-650Cto + 150°C 

-0.5Vto+7.0V 

-o.svto+y.ov 



Stresses above those listed may cause permanent damage to the OTI-087. These specifications are stress 
ratings only and do not apply to operational use. Functional operation of this device at these or any other 
conditions above those indicated in this datasheet is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliabiUty. 



DD 



Symbol 


Parameter 


Mill 


Max 


Ibiit 


CondltloiBs 


Voh 


Output Voltage High 


2.4 




V 


Ioh»400 uA 


Vol 


Output Voltage Low 




.4 


V 


Io|»24 mA, Note 1,2 


Vol 


Output Voltage Low 




A 


V 


loI-UmA. Note 1 


Vol 


Output Voltage Low 




A 


V 


Iol»10 mA, Note 1 


Vol 


Output Voltage Low 




A 


V 


IoI«8 mA, Note 1 


Vol 


Output Voltage Low 




A 


V 


IoI"4 mA, Note 1 


Vol 


Output Voltage Low 




A 


V 


Iol«'2 mA, Note 1 


Vlh 


Input Voltage High 


2 


VCC+0.5 


V 


TTL, Note 3 


Vll 


Input Voltage Low 


-0.5 


0.8 


V 


m, Note 3 


III 


Input Leakage Current 


-10 


10 


uA 




OH 


Output Leakage Current 


-10 


10 


uA 




ICC 


Operating Supply Cuirent 




125 


mA 




CI 


Input Capacitance 




8 


PF 




Co 


Output Capacitance 




8 


PF 




Clo 


]/0 Capadtance 




8 


pF 





Notes: 



1) Output Current (lol) Capabilities: 

24mA: SD[15:0] with slew control. 

SRDY. RASLn. RASHn, CASAn, WEAn. WEBn, MA01[0]. MA23[0]. HSYNC. VSYNC, 
LBSELn. BLANKn, P[7:0], PCIK 
BD[7:0]. MA01[8:1]. MA23[8:: 
CSEL[3:0]. DACRn. EACWn. 



2) Open Drain (open collector) Outputs: 






All dimensions in mils (mm). 



1.238(31.45) 



1.218 (30.95) 




■RO 
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All dimensions in mils (mm). 



.137 (3.47) 
.125 (3.17) 



.008 (.20) 

/:oo4 (.10) 




0-10 



.016 (.40) 
l008 (.20) 



^37 (.95) 
B25 (.65) 



^ .013 (0.005) TYP ® 



.137 (3.47) 
.125 (3.17) 
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